Two previous reports on the isolation of organisms from indwelling intravenous and intraarterial catheters used in open-heart surgery (Freeman and King, 1972; Freeman, King, and Hambling, 1973) established that these catheters are a potent reservoir of organisms and that early removal of the catheters appears to reduce the incidence of the complication and resistant type of organism.
The earlier series were too small in numbers to allow adequate statistical evaluation of the findings. This report describes the further conclusions which have been reached. As stated previously, the importance of this work lies in the potential contribution of this reservoir of organisms to the incidence of postoperative infective endocarditis.
PATIENTS AND METHODS
This report is concerned with results on 628 catheter tip cultures from 208 consecutive open-heart surgery patients. The series falls into two parts:
1. Those catheter tips from patients in the earlier part of the series are fewer in number and precede the adoption of the 'early removal policy' described in a previous report (Freeman et al., 1973) . These comprise the first 115 catheter tips.
2. The second and larger part of the series is concerned with results obtained after the adoption of the early removal policy and comprises 513 catheter tips.
Note was made of the number of days that the catheter had been in situ, the site of the catheter, and, following culture, the organisms isolated.
Catheters were removed using full sterile precautions, the tip severed using sterile scissors, and the severed tip allowed to fall into a sterile container.
Nutrient broth was added to the container upon arrival in the laboratory, and subculture on to solid media followed after 24 hours' incubation of the broth at 37'C. All the organisms isolated were identified by routine methods.
Two further points were considered: (a) the conditions under which the catheter was inserted. The majority of the catheters were inserted in the operating theatre under full theatre precautions as an initial part of the operation. This applies to the right and left atrial (RAC and LAC) and the femoral artery catheter (FAC). The remainder of the catheters are referred to as intravenous catheters (IVC) and were inserted in the intensive care unit. They are examples of catheters inserted on wards, but it is important to note that they are not simple 'drips' of the short cannula type.
(b) Nursing staff attending the patients were asked to describe the usages of the catheters in the different sites. They were asked about the frequency with which the various routes were used, the nature of the fluids infused, and the form of monitoring which each catheter provided. (Cox, 1973; Gardner et al., 1974 Table I confirms the earlier reports (Freeman and King, 1972; Freeman et al., 1973) in their two assertions. Adoption of the early removal policy has produced a fall in the isolation rate of organisms from the catheter tips from 29 6%, considering all isolates as significant, or 20% if isolates of ASB are ignored, to 12 08% or 5-26% respectively. This difference is statistically significant in both cases (P<0 001 in each instance).
The other assertion, that the earlier the catheter is removed the less resistant the type of organism isolated tends to be, is shown in Table II The isolation rates of organisms from the intravenous catheters (IVC), however, show a clearly significant difference (P<0 001) when ASB isolates are included, and this difference is still statistically significant when ASB isolates are ignored (P<0001).
We have also considered whether there might be differences between those catheters inserted under operating theatre conditions and those inserted on the intensive care unit. The details of these differences are found in Table III (Rodman, Wolf, and Mason, 1974) . This finding deserves further investigation.
The daily isolation rates for individual catheter sites reveal some possible differences, although the number of samples obtained beyond the fourth day is small. The FAC has a high daily isolation rate, even when ASB isolates are excluded, and the RAC has a lower one. This might be thought predictable for the FAC, since it is frequently handled, but then so is the RAC. Perhaps significantly, the LAC, which is a closed flush system, has a higher daily isolation rate than the RAC. Finally, the IVC has an acceptably low daily isolation rate for the first three days despite being handled frequently. It may be, therefore, that frequent handling may be important but that its effect may be outweighed by the effects of stasis and flushing. Thus catheters which are frequently used for infusion, and which are consequently flushed, may be less susceptible to contamination. These figures are small and no firm conclusions can safely be made.
Another point (in the case of the FAC) is the site, placed as it is near to the perineum. An alternative site might result in a lower isolation rate. We have insufficient data on other arterial sites to make an adequate comparison. Others have reported low isolation rates using the radial artery (Gardner et al., 1974) . In conclusion this series demonstrates the advantages of removing intravenous and intraarterial catheters at the earliest possible stage. This results in a lower isolation rate and in the isolation of more sensitive organisms. Frequent flushing may be an advantage, and frequent handling may increase the isolation rate. The problem of reducing the isolation rate still further might be helped by further investigation of thrombus formation in the catheter tips.
We have avoided using the term 'infected catheter' since the data presented here do not (Cox, 1973) . Pearson (1970) , reviewing cases in which these organisms might have been true pathogens, included one case of phlebitis. More work is urgently needed to assess the significance of these isolations. It had been hoped that comparison of the figures contained in this series, when ASB isolates were included, with the figures obtained when such isolates were ignored might allow some conclusion to be made. However, the Tables show that while the assumption that these organisms are contaminants makes a slight difference to the results, it does not make a difference to any of the statistical analyses. The evidence is thus equivocal.
Final proof of the usefulness of reducing this reservoir of organisms, which is in direct contact with the bloodstream, lies in the demonstration of a progressive fall in the incidence of postoperative infective endocarditis. Other reports on the patients studied on this unit have shown that this is occurring (Ionescu et al., 1972; Ionescu et al., 1974) .
